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2 Introduction

The drape shape continues to be widely
assessed by using a Cusick drape meter
[1]. The meter uses a circular specimen
30 cm in diameter that is positioned hori-
zontally on a rigid metal disc 18 cm in
diameter. The fabric portion not resting
on the disk falls freely as a function of
the drape. A light source aligned with
the focus of a parabolic mirror is
placed below the centre of the circular
specimen to project light downwards.
The light beam is reflected back by the
mirror and impinges on the fabric speci-
men to project its shade on a paper ring
parallel to the fabric above it. Figure 1
depicts a typical drape meter.

The drape ratio (%DR) of a fabric is
defined as the ratio of the difference be-
tween the area projected by the fabric and
that of the supporting disc to the differ-

66

provided by UPCommons. Portal del coneixement obert de la UPC

New Approach to Assessing Fabric Drape
Based on the Fractal Dimension

DOI: 10.5604/12303666.1161759

Abstract

The usefulness of the fractal dimension of drape (D) to explain the shape of fabrics ac-
quired when allowed to fall freely under the effect of gravity was assessed by using
the box-counting method to calculate it for comparison with the drape ratio (%DR) of 36
commercial woven fabrics spanning a wide range of composition, weave type and mass per
square meter. These two parameters were found to be highly correlated with %DR, vary-
ing over wide ranges and D over narrow ranges. Based on the results, the fractal nature of
the drape does not significantly improve on the information about the drape shape in woven
fabrics provided by the well-known indicator “drape ratio” (%DR).
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ence of the specimen area and disc area
[1] (see Figure 2).
A-B
%DR = ———— )
C-B
where, 4 - specimen shade area, B -
supporting disc ares, C - specimen area.

The advent of digital electronics has al-
lowed the human eye to be replaced by
digital cameras capable of accurately
capturing the shadow projected by fabric
drape on Cusick drape meters. The ability
to process the information thus obtained
with imaging techniques has enabled
the use of very powerful mathematical
techniques to characterise the geometry
of drape projections [2 — 14].

Ever since the first equipment for assess-

ing fabric drape was devised in the mid

XX century [15], textile researchers have

proposed up to 34 different indices and

indicators to quantify this property, most
of which have scarcely improved on pre-

viously existing measures of drape [16].

Drape indices and indicators can be clas-

sified into five broad categories, namely:

a) Area and perimeter based measures.
Drape is calculated from the area of
the shadow projected by a specimen,
which is either measured directly or
estimated from the equivalent circle
corresponding to the radius and/or pe-
rimetral length of the area.

b) Radius based measures. Drape is de-
termined by measuring the radii of
different sections of the drape-pro-
jected shadow (e.g. the mean radius,
the radius of the equivalent circum-
ference, the radial distance ratio or
its variance). These measures provide
estimates of circularity in drape shape.

¢) Fold based measures. Drape is calcu-
lated from some fold property such as

the number, depth, dimension (width,
height), distribution or regularity.

d) Profile based measures. These are
based on characteristics of the drape
profile (severity, slimness, symmetry)
as determined by using appropriate
mathematical tools such as the Fourier
series, fractals, etc.

b) o)
g =
e ‘// j

- e
/
L )
\ .
" 9)

Figure 1. Typical Cusick drape meter;
a) specimen fixing needle, b) central disc
lid, c) paper ring, d) speciment support
discs, e) fabric specimen, f) spot light,
g) parabolic mirror.

Figure 2. Area of (A) specimen shade, (B)
supporting disc (C) unfallen specimen.
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e) Three-dimensionally simulated meas-
ures. The interest of designers and
graphical computation researchers in
simulating fabric drape three-dimen-
sionally has led to the development of
tools for measuring specific drape ge-
ometry parameters, such as the drape
angle, to facilitate the three-dimen-
sional interpretation of drape.

The indicator most widely used is
the drape ratio, which allows an objec-
tive, albeit incomplete, description of
the drape shape. Thus a low %DR value is
typical of an easily deformed fabric with
a high drape, whereas a high %DR value
reflects low deformation and, hence, also
low drape.

However, this index cannot fully explain
the complex three-dimensional aspect of
drape. In fact, as can be seen from Fig-
ure 4, fabrics with an identical drape
ratio can differ considerably in drape
shape. One should bear in mind that
the test measures a three-dimensional
property that is subsequently reduced to
a two-dimensional property: projection
of the drape shape on a plane.

The high potential of imaging techniques
was used in 2011 to develop a novel ap-
proach to the characterisation of fabric
drape based on the fractal dimension
[17]. The new approach was intended to
exploit the power of fractal analysis tech-
niques to examine curve profiles and its
ability to recognise patterns. Originally
fractal dimensions were calculated for
only three different types of woven fab-
rics using the box-counting method [18].
Based on the results, the new index pro-
vided more information about the shape
of the drape curve than did the widely
known drape ratio (%DR).

The primary purpose of this work was to
assess the effectiveness of the box-count-
ing method for characterising the shape
of drape profiles and identify any aspects
the drape ratio cannot discriminate ac-
curately enough. To this end, we calcu-
lated the %DR and fractal dimension for
36 different commercial woven fabrics,
spanning a wide range of composition,
weave type and mass per square meter.

B The box-counting method

A fractal is a geometric object, the basic,
fragmented or uneven structure of which
is repeated at different scales. Fractals
are invariant under a change of observa-
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Image

%DR 25.07 45.01

55.90 73.33

Figure 3. Drape profiles of four fabrics differing in drape ratio.

Ref
Image
%DR 39.52 39.70
Fold number 9 7

Figure 4. Two fabrics with an identical drape ratio can differ in drape profile.

tion scale and self-affine. Their shape is
quantified in terms of the so-called “frac-
tal dimension”, which is a measure of un-
evenness [19].

The box-counting method scales a seg-
ment, square or cube of length 1 by
a factor and fills the resulting figure with
similar figures N(&) according to the fol-
lowing power law:

N(e) = (1/)° 2

where, exponent D is the dimensionality
of the figure concerned (1 for a segment,

Figure 5. Digital drape meter used.

2 for a square and 3 for a cube). For all
classical geometric figures, D is a whole
number.

The previous law is applicable to figures
with auto-similar structures (i.e. figures
obtained by replicating an architectural
pattern, which will obviously have iden-
tical representations on smaller or larger
scales). Such figures are known as “frac-
tals” and have a dimension D, given by
the following power law:

D=1n(¢g)/In(1/¢) 3)
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Table 1. Composition, weave, mass per square meter, drape ratio (%DR) and fractal dimen- ~ The method most widely used for es-
sion (D) of the woven fabrics studied, shown in descending order of the mass per square timating fractal dimensions is the box-

meter: counting method [17, 19, 20]. A grid of
i Mass per square cell length is superimposed on the target
Ref. | Composition (%) Weave metper, gl?nz %DR P figure agnd the fumbeg of cells (boxis)
1 [WO/PAN 60/40 Double cloth 4474 6476 | 1.725 spanned by the figure counted. Then the
2 | PESICVIEA64/31/5 3714 5073 | 1.703 count is repeated for other cell sizes (&).
3 PES/CV/EA 78/18/4 Serge 341.3 38.13 1.680 The fractal dimension, D, is calculated
4 WO/PA 90/10 Double cloth 333.3 64.77 1.725 from the slope of a regression plOt of
5 | COIWOIPA76/19/5 Two-sided cloth 309.1 67.67 | 1.729 In N(g) vs In (1/¢):
6 | WO 100% Satin 299.4 4266 | 1.689
7 | PESICVIEAT78/17/5 Herring bone 279.1 30.42 1.682 In Me)=In K+Dln(l/e)  (4)
8 | CO100% Matt 241.2 65.42 | 1.726
9 WO/EA 99/1 Crepe 2322 37.35 1678 Additional parameters used to character-
10 | PESICV/EAG65/31/4 Taffeta 2212 3106 | 1664 ise the drape shape include the correlation
1 CO100% Herring bone 214.0 57.97 | 1.714 dimension - which, together with the box-
12 | WO 100% Serge 209.0 53.08 1.706 counting dimension, is the most widely
13 | WO/PES 60/40 Herring bone 199.1 4730 | 1.697 used by virtue of its easy determination -,
14 | WO 100% Serge 191.1 44.84 1.693 the Hausdorff dimension - which is
15 | LI 100% Taffeta 186.9 57.86 1.715 the most important in theoretical terms -,
16 | PES 100% Serge 172.6 25.85 1.654 the Rényi dimension, and the infor-
17 | CVIWO/PES 43/34/24 Taffeta 171.2 32.58 1.668 mation dimension. Although the box-
18 | CO 100% 169.5 45.78 1.693 counting fractal dimension is typically
19 | PES/LI 55/45 Serge 163.6 57.86 1.715 designated by D¢ to distinguish it from
20 | WOILI/ICO/PA 36/32/16/16 157.7 49.62 1.700 the previous alternatives, we have omitted
21 | COIPES 65/35 Herring bone 135.2 62.06 1.721 the subscript throughout this paper be-
22 | CO/PES Taffeta 90.0 5515 | 1.710 cause it was the only type of dimension
23 | PES 100% Satin 90.0 59.38 | 1.717 examined here.
24 | PES/CV 90.0 66.54 | 1.729
25 CVICA 55/45 Serge 80.0 40.04 1.684
26 | PES100% Satin 78.4 5719 | 1.713 W Materials and methods
27| CVIPES Jacquard 75 6043 1718 We studied a total of 36 commercial
28 | PES 100% 76.5 68.75 | 1.731 . . .
Serge drapery, shirtmaking and woven lining
29 v 100% 720 a125 | 1684 fabrics, spanning a broad range of com-
30 Taffeta 70.0 4060 | 1.685 o
T e TR REr] i e ane
32 68.5 5420 | 1.708 .
33 CA 100% 68.0 42.33 1.690 amined by using a UPC dlgltal drape me-
34 | PES/CV Taffeta 65.0 5255 | 1.705 ter developed by the authors. The experi-
35 | PES/CV 50/50 Serge 65.0 50.08 | 1.703 mental set-up comprised a conventional
36 | PES 100% Taffeta 50.0 58.60 1.716 Cusick SDL ATLAS drape meter fitted
with a Guppy F33B AVT ultracompact
monochrome digital camera from Allied
%DR Cusick = -2.097 + 1.023 %DR Digital UPC Vision at the top.
70 i_sq 0'953_3;2, The camera, which uses a Sony 1CX424
R-Sq(adj) 99.3% CCD sensor, was interfaced to a com-
puter for image acquisition and analysis
&0 (see Figure I). Prior to use, the camera
was calibrated as per the manufacturer’s
) instructions to calculate the number of
§ o0 pixels per square centimetre captured in
4 each image, and also to correct optical
§ distortions and misalignment.
40
Images were acquired with the software
Sherlock™, which uses its own pro-
i gramming language for measurements
a0 40 e a0 20 and calculations. The procedure for de-
%DR Digital UPC termining the parameters used to charac-

terize drape geometry with the UPC digi-

Figure 6. Regression between %DR values as obtained with the conventional method and tal drape meter involves the following
UPC digital method. sequence: a greyscale digital image of
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the drape shadow is captured and con-
verted into a monochrome (binary) im-
age by filtering noise at the threshold, and
then the software uses imaging analysis
to determine the target geometry param-
eters.

Each fabric was used to obtain 4 random-
ly cut specimens that were allowed to ad-
just to the laboratory environmental con-
ditions prior to measurement (3 times on
the face and another three on the reverse).
The result for each fabric was thus the av-
erage of 24 determinations. All tests were
performed at the Textile Physics Labo-
ratory of the Department of Textile and
Paper Engineering of the Polytechnical
University of Catalonia (UPC).

The fractal dimension for each drape im-
age (24 images per fabric) was calculated
by using software for drape profile anal-
ysis developed by the authors in MAT-
LAB.

Results and discussion

The correlation between the digitally
determined %DR values obtained as de-
scribed above and the conventional meas-
ure as obtained by cutting and weighing
the paper area containing each drape
projection (BS 5058,1973) was very high
(99.4%, Figure 6).

As can be seen, %DR and D were highly
correlated (99.2%). Also, as can be seen

1.7300

1.7100

%DR =-916.7 + 568.4 Fractel dimension D

ol S 1.05673
bt R-Sq 99.2%
R-Sq(adj) 99.2%
= iE
+*
aj -
14
(=)
R a0
04 L
L ]
2] -

LE5 166 167

188 1689 170 171 172 173 174

Fractel dimension D

Figure 7. Regression between the drape ratio (%DR) and fractal dimension (D) in the

fabrics.

from Figures 7 and 8, D decreased with
the increasing roughness of the drape
profile.

The fact that %DR and D were so
highly directly correlated suggests that
the fractal dimension of the drape profile
provides no additional information or al-
lows the shape of the drape profile to be
more accurately characterised than by
using %DR. Also D values were slightly
staggered. Thus the differences in drape
profile between the fabrics resulted in
no substantial differences in D (see Fig-
ures 8 and 9, see page 70).

Conclusions

The results obtained in this work allow

the following conclusions to be drawn:

a) The drape profile of a fabric as deter-
mined with a Cusick drape meter is
a fractal dimension because the cal-
culated D value provided by the box-
counting method exceeds its topo-
logical dimension: unity. In fact, D for
the fabrics studied here ranged from
1.651 to 1.737.

b) D and %DR were highly correlated
(99.2%). Roughness in the drape
profile increased with the decreas-
ing fractal dimension and vice versa:

1.6900

1.6700

1.6500

1.6300

Figure 8. Variation in the fractal dimension (D) and roughness of drape shape.
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Ref. 1

Image
D 1.734
%DR 71.36

1.734
69.96

1.730
68.17

Figure 9. Drape shape, fractal dimension and drape ratio for three selected fabrics.

¢)

d)

the greater D was, the smoother was
the profile.

The drape ratio for the fabrics ranged
from 71.359 to 24.877 and their frac-
tal dimension from 1.733 to 1.654.
Whereas drape profiles differed mark-
edly between fabrics, D values did
not.

The fractal dimension calculated with
the box-counting method is not sensi-
tive enough to detect differences in
the drape profile shape. This is a result
of profile roughness being variable as
a result of the distance between any
two points in the profile being a finite
number.
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